background: The aim of the study was to test whether the use of sonography contrast could enhance the chance of spontaneous clinical pregnancy in women undergoing subfertility investigation.
Introduction
Infertility is an important problem worldwide. In Europe, the frequency of infertile couples is suggested to be in the range of 10 -15% (Schmidt and Munster, 1995) . In approximately one-third of the couples, the infertility is caused by a male factor, in another third by a female factor and in the rest by combined or unexplained factors. Tubal infertility is one of the main causes for female infertility. For the individual woman, a natural conception is preferable in most cases and thus, tubal examination still has an important role in the investigation and treatment of infertile couples. Tubal patency has traditionally been demonstrated by performing laparoscopy (using blue dye) or X-ray examination, HSG (hysterosalpingography). During the last two decades, contrast sonography (hysterosalpingo contrast sonography, HyCoSy) has been introduced as an alternative in several countries. One advantage of HyCoSy is the absence of radiation, another is that this procedure can be performed by a gynaecologist. Several studies have shown that the methods have similar sensitivity and specificity compared with laparoscopy as the gold standard, in investigation of tubal patency (Deichert et al., 1989; Schlief and Deichert, 1991; Ayida et al., 1996; Degenhardt et al., 1996; Hamilton et al., 1998; Strandell et al., 1999) .
Many studies have examined whether or not a patency test itself promotes a spontaneous pregnancy. The main theory underpinning this hypothesis is that the passage of liquid breaks minor adhesions or flushes mucus plugs through the tubes. Based on this hypothesis, one could expect that this method also might enhance the possibility of a spontaneous pregnancy. Several previous studies have considered this hypothesis, and a meta-analysis from a previous Cochrane review has demonstrated that the use of an oil-soluble contrast medium resulted in a significantly higher pregnancy rate than a water-soluble contrast medium (WSCM) (OR 1.92, or no flushing at all (OR 1.80, 95% CI 1.29-2.50) (Vandekerckhove et al., 2000) . Hitherto, there is no randomized study that has compared water soluble contrast with no flushing at all. HSG is the method used in all previous studies that have examined whether the patency test itself promotes spontaneous pregnancy. The HyCoSy method has previously not been evaluated in this respect.
At our fertility centre, there was a clinical impression that patients who underwent a HyCoSy often attained spontaneous pregnancy. A second impression was that the conception occurred shortly after the HyCoSy. The idea of HyCoSy functioning as a therapeutic instrument enhancing the chance of spontaneous conception in subfertile couples inspired us to initiate the present study.
The aim of the study was to test whether the use of WSCM could enhance the chance of spontaneous clinical pregnancy in women undergoing infertility work-up.
Materials and Methods
During the study period from December 2001 to May 2006, 1309 HyCoSy examinations were performed at the Reproductive Unit at Sahlgrenska University Hospital, Gothenburg, Sweden. A total of 501 patients, out of 1309 assessed, were estimated to be eligible for the study (Fig. 1) . Couples with at least 1 year of subfertility who were scheduled for a consultation, including a HyCoSy, were consecutively invited to participate in the study. Approval was obtained from the Ethics Committee at the University of Gothenburg. Written informed consent was signed by the participating women.
Exclusion criteria were female age 40 years, severe male infertility (concentration , 20 million/ml in the ejaculate or ,1 million motile sperms in a swim-up preparation), severe tubal pathology (previously known from history or diagnosed hydrosalpinges at ultrasound) and suspected anovulation (menstrual period 35 days). A total of 334 patients were randomized into two groups.
A computer-generated randomization schedule in blocks of 40, with stratification for age (,33 years and 33 years), was transferred into sealed opaque envelopes. The randomization procedure was carried out in a ratio of 1:1. A study nurse performed the randomization at a primary consultation when a gynaecological examination including a vaginal ultrasound was performed. Ten clinicians familiar with the method performed the HyCoSy. Tubal patency and pathological anatomical findings were carefully recorded.
HyCoSy performance
Routinely, all patients were given 50 mg of diclofenac (Sandoz International, GmbH, Industriestrasse 25, 83607 Holzkirchen, Germany) rectally 30 min prior to examination. When undergoing the HyCoSy, all patients had empty bladders. A transvaginal B-mode scan was performed prior to the use of the contrast medium. The presence of a hydrosalpinx was considered a contraindication to the instillation of ultrasound contrast medium. A 1.2 mm balloon catheter (Bayer AG, 51368 Leverkusen, Germany) was inserted to the level of or above the internal os of the cervix and the cuff was then slowly inflated with 0.5-2 ml air. Transvaginal ultrasound was then performed. Saline was injected into the uterine cavity in order to achieve distension of the cavity walls. The presence or absence of polyps, submucous fibroids and synechiae was noted. Ultrasound WSCM (Echovistw, Bayer AG) was then instilled to evaluate tubal patency, using a maximum of 15 ml. Echovist is based on galactose microspheres and does not contain iodine. No allergic reactions have been reported after intracavital administration. Fallopian tube patency was defined as the visualization of a steady flow of contrast medium in the fallopian tube or the visible contrast spill from the fimbrial end over the ovary. A categorical statement was then made for each tube in relation to patency (patent, occluded or uncertain). All patients received 200 mg doxycycline orally as antibiotic prophylaxis after the examination.
Statistics
A retrospective analysis demonstrated that 50 patients out of 350 (15%) who underwent HyCoSy conceived within a 6-month period. The expected conception rate among patients who did not undergo a HyCoSy for various reasons was estimated to be 5%. Based on this background data, a prospective randomized controlled study was initiated at our clinic.
Sample size was based on an estimated clinically relevant difference in a pregnancy rate of 10% (15% in the flushing group and 5% in the nonflushing group) based on the retrospective analysis at our clinic, and a drop-out rate of 15% (a ¼ 0.05 and b ¼ 0.2), requiring approximately 330 patients. Fisher's exact test was used for comparison of dichotomous variables between groups and Student's t-test for comparison of continuous data. Kaplan -Meier curves were constructed and analysed using log-rank test for comparison of time with pregnancy between the groups.
Primary outcome was clinical pregnancy defined as a sonographically visible fetal sac, detected within 6 months from randomization. According to the study protocol, there was no blinding of the doctor who performed the ultrasound scan. Neither was it possible to blind the patients to randomization group. Secondary outcomes were live birth, miscarriage and ectopic pregnancy. Primary analysis was performed according to intention to treat.
Results

Demographics
The mean age of all patients included in the study was 31.9 years. Primary infertility was present in 63% and the mean duration of infertility was 2.1 years. Background variables were evenly distributed between the two groups ( Table I) .
The clinical pregnancy rates were 29.2% in the flushing group and 26.5% in the non-flushing group (Table II) , the difference being 2.7% (95% confidence interval 26.9 to 12.3%). The live birth rates were 22.6 and 20.5% and the corresponding miscarriage rates were 5.4 and 4.8%, respectively. There was one ectopic pregnancy in each group.
To evaluate if there was an immediate effect of flushing, time to pregnancy was calculated by using the difference in days from randomization to the first day of the menstrual period after which conception occurred (Fig. 2) . No statistically significant effect was detected (P ¼ 0.25).
Complications following the HyCoSy procedure were rare. Only one patient had a pelvic infection and was treated with intravenous antibiotics. No procedure was interrupted owing to pain.
Among the 149 patients undergoing HyCoSy, 74% demonstrated bilateral tubal patency, 18% demonstrated a unilateral occlusion, 5% had bilaterally occluded tubes and 3% were classified as uncertain.
Intrauterine pathology was detected in 12% of the patients, mainly polyps, synechias and uterine anomalies. Adnexal pathology was detected in five cases: one hydrosalpinx (excluded from the HyCoSy examination) and four benign cysts, of which two were suspected endometriomas. After the study was closed, patients in the non-flushing group were examined with HyCoSy if they had not conceived. The prevalence of tubal pathology was similar in both groups.
Discussion
This randomized controlled trial compared the spontaneous pregnancy rates in women undergoing HyCoSy with water-soluble contrast media with women having no flushing of the tubes. Previous studies have only evaluated water-soluble contrast media in comparison with oil-soluble media.
The hypothesis that instillation of an ultrasound contrast medium would enhance the chance of spontaneous conception in subfertile women could not be confirmed in our study. Randomized controlled trials examining tubal flushing for subfertility have demonstrated pregnancy rates between 17 and 32% using water-soluble contrast media, 24 -38% using oil-soluble contrast media and 8-21% without flushing (Alper et al., 1986; de Boer et al., 1988; Lindequist et al., 1991; Lindequist et al., 1994; Spring et al., 2000; Nugent et al., 2002; Johnson et al., 2004) . These studies have been included in a systematic review which was recently updated . Evidence exists that tubal flushing with oil-soluble contrast media versus no flushing increases the odds of pregnancy (OR 3.30, 95%CI 2.00 -5.43) and live birth (OR 2.98, 95% CI 1.40-6.37). On the other hand, when comparing oil-soluble with water-soluble contrast media, no significant differences in pregnancy or live birth rates were noted (Lindequist et al., 1991; Spring et al., 2000) . These two studies were included in the updated review which no longer demonstrated a statistically significant effect on pregnancy rates comparing oil-soluble and water-soluble contrast media, in comparison to the previous version which we used when designing the study (Vandekerckhove Pregnancy rate in the control group in our retrospective analysis was considerably lower, only 5%, when compared with the non-flushing group in the study. This discrepancy might be explained by patient selection. Our population can be considered moderately subfertile, with a mean duration of infertility of 2 years. The pregnancy rate of 28% after 6 months corresponds well with findings in other studies (Alper et al., 1986; de Boer et al., 1988; Lindequist et al., 1991; Lindequist et al., 1994; Spring et al., 2000) , although it is difficult to find a strict comparison between similar populations. Thus, the prevailing literature shows that the use of oil-soluble contrast media promotes spontaneous pregnancy when compared with no flushing at all. In Sweden, both HSG and HyCoSy are performed using water-soluble contrast media. Traditionally HSGs were performed with oil-soluble contrast media. This was gradually replaced with watersoluble contrast media for a number of reasons such as better imaging of tubal mucosal folds and ampullary rugae (internal architecture of the fallopian tubes) (Soules and Spadoni, 1982) , more rapid filling of the fallopian tubes allowing for immediate imaging, faster reabsorption of contrast medium in the pelvic cavity, reduced risks of lipo-granuloma in blocked tubes (Acton et al., 1988) , allergic reactions and anaphylaxis associated with oil-soluble contrast (Lindequist et al., 1991) . On the other hand, irrespectively of subsequent pregnancy rates, less pain has been reported with oil-soluble contrast media than with watersoluble contrast media probably because of less chemical irritation of the peritoneum (Soules and Spadoni, 1982) . Some studies have demonstrated a sharper radiographic image of the uterus and easier detection of uterine anomalies when using oil-soluble contrast (de Boer et al., 1988) . However, saline is presently recommended as a contrast for the detection of pathology in the uterine cavity.
In conclusion of the present study, the clinical impression of an enhanced pregnancy rate after HyCoSy could not be confirmed. investigation using WSCM has a function as a diagnostic procedure but not in terms of increasing pregnancy rate in subfertile patients.
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